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ABSTRACT : 
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supply noise by mixed 

mode simulation by considering the effect of load capacity 
in accordance with 

the delay time of a digital part for the calculation of the 

generating time of 

a waveform of a prescribed shape . 

CONSTITUTION: When the start time of current calculation 
of a circuit 

simulator is delayed from triangular waveform generating 
time, the start time 

T4 of current calculation of the circuit simulator is 
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defined as the triangular 

waveform generating time, and current is linearly changed 
from corrected 

triangular waveform generating time T4 to peak current 
generating time T7 . At 

this time, the varied inclination of a triangular waveform 
can be relaxed by 

correcting the waveform so as to make the triangular 
waveform supplied by a 

model parameter equal to an area. In such a way, it is 
possible to improve the 

evaluation accuracy of the power supply noise by the mixed 
mode simulation by 

considering the effect of the load capacity in accordance 
with the delay time 

of the digital part for the calculation of the generating 
time of the waveform 
of a prescribed shape. 
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■f*£fcfcJ:9Ha»»fcje**-6. H40 (d) fc* 

*^v^* s ts, tp, tetD^mittati^^yh 

[003 1 ] ii-CftlBTSEi:TPEIiEl6^) (B) 
t*Sft4 .J: o^tSTO^tf^A^^-^i: LT 

^s$ft5. ±MttMXttmmmt'-?wsimi p 

ttMO*SFET<otSWEI^ifcJ:0. 

IP=l/2-/90- (W/L) ■ (VDD-Vth)2 

te=(2/IP) • CL • CLD/CLDO - (VH 
-VL) +t s 

fcioTiMWSi ±IEteSS«>45!Ct 

E, VLIif|B|*-ftA7J$iil»n-^PO«E5-« 
Wc-ffi. CLD0li-£fl5lWfifipaE4. CLDJif^ 

*,CLD/CLD0 OffltJffS *^#(t£7)SSt2:»l» 

•t i. . fiiso t , ^.nmm^Mm. t e {4t^*te# 

zkizx*)^ mmm^mti 4<yb tea bxmi? 

x a ><v&nmmzMmmiz znz>. 
[0032] { =&jmn±±# o^miE ) ±taxr 

•y7S 7 (c*iJ«T -f ^^/^mSSH-^ffliErtS^ 



(9) 

1 5 

1 ItX r y 7" S 6 fciJ WC * ^ - 9 X'-S-l htl 

[0033] 9ft . -e««&*SE<?>£^te»JtS . 

X'^Ztl&m IT 3 £ TrtUmi" 5 jl 1«— a y£4JV* 

T3) , *oa-catfj3Mt*±ts (©t*s*i3i$2sij 

T7) ik*«^t»«iajS*LSf:, HIRE'S Ak-^C 10 

«fSijT4) . © (^ftBmm&whv-fwsimzm 

*«4«j!Wr»7ftS«T2J: Otav^SMcSiiTVi 

5. Lt^r, o^iia>-5av-^gycom{i, 0 20 

S&v- 5 a J: S«sSf|-«fr?£B^JT4 fcfc ft 

^-v 3 y#Mr£*u -toe*. ±ie^«s&^ 

[0 0 34] H8t=**il6J:d{C|iIII^SaU 
- 3 >^JIf^2ffl#©c7)l$£!lT 4 £ TJt» . SIS©^ 

S ^V~9tf\1l4<>Y<DmL\Z^5\^X\i{J)4Ky 30 

$*u-?izimmnmm-%.®nzwi.%.ii o t 

t4. LfrUfrA*^ -!-OJ;^{ci^LJ;di:-rS»ff 
Al"-^«gftCDj|Wfll7«rJ!T4t:S<i6. ftiT. 

Mi "OWxX Ltofztb, tf^<7^-^?4ifcH 
* i^A* t tgfffi&Tt u^[II8&T-|I]S&>' 5 aP-yj 
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1 6 

6. 

[00 35] BBS'S *U-*««Sttjr§a& 

LT£»LT. 3K*iELfc=fttt»«fi$tBT4*»4> 

S-£Si<Di:tS. ZcDkZ. ^T)Wy*-?X'*}-z. 

tX\ SBftLfcEfti»W)ffl# swats. t&fc*>. 
0 9 fc*3UT A A B C (i* tA^.*-?-^*. ^iiS 

l4DEBC^iS>it4£a«gBJ:Sfu ItiUDEOgB 

JW4ADBF-C4ife*i.4=JiaBBi:S*i*. H*><i« 
6*»3r J: 3 WHID B «0»»TO«aEffiflS?l4*IEfrfc: 

ffl&cr>iir£tffl-t,Z-t&t:ib^ AABD^BftACB 
F«iSS* t *L< =flr* J: a C F j&OiSJSWftjeSfLi . 

vwmnmmmt *KEs*ifc=«i»»R7fir 

Mte' it. te' =te+TD I St^ixS. Z<7>ffi 

mzi V*3mmnlM*vh£.4 yy?9yxiir 

tsWrarhmffiSJ XO»JgffiT£TOJtS<r ktfX'Z 

[0036] { =ft tf- ^ mSfi^SiE } ±IEX 

T77S7 {cfeftsf ^ s/*^n«a@tflw)iiiErtaw) 

[0037] 06C7) ( B ) ^3tlS^«^#ttM 

t) SSflSfc, aiUSft^tWii^it-^mSMI 

[0038] t-i?«»SfflOfflUi-?-<0*=5rffl(6]t#a 
t^tofj)!.., 01 OC^Wiat:, 5fct» JJE 

^l/vi'a/l'HMSiCLDTHIi. 

CLDTH= I P • CLD0 ■ (TSE+TPE)/ {C 

L • (VH-VL)) 

/h$v^ (cld<cldth) ic*f»ttf-?JBrafc 

IP' =f [IP-CL-CLD' (VH-VL) / 
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{ (TSE+TPE) • CLDO) } 

2fctt»»AB±lclH^*«roffl«2ISEaiEft»k Sft 
S„ ±KIWfo&»<»i9iaTSE' . ftHts" . tp' . 
te' tf&feZtlh. 

[0039] { E&mui±tf o mrn<r>m®m$m 

ffilEftm>& 3 fix r •/ 7 S 6 fc*S V vc qE f *5 * - 
[0040] jfcf , *0»«r«iE«>i«tt*KHBt 4 . 

ixm>tiim&m2 1 i ojy-^ 

s, t P , te»**«)i*JBl3&«*fc:aj*^ / <>'h*4l* 
M*«H»tc»5JgS*i4*»fer**. fit. =«iWWH- 

l/-^9^»«WBW2 1 s ymfirBmfc» 
,AJ:3fc.*4fc<0T*4. W3 1 ti-eoj: 3&}fIE$ft 

[004 1] JJElllB0¥8HiH 1 3 t=:S£ix6 . =A 

iSHTSEJi/' (CLD) fcJtflWSfcV^fiJ&HIA 

TSE' = |TSE//(CLD0) > ■ -f (CLD) 

[0042] { mmm-mwmmvbw, \ nwmizm t 
til). fo<t3 %E.ftm.tem5m%mwm®$§% 1 1 

Al, A2fcLTllffilSfl4. TOKBAUiWBVDD 
A»4>«StelX9&#. «SS8A2tift!gGNDC«3fc 
M|-fl>. ER^Sal^-^ayttJ^-CJJEraiaBA 

i, a 2ii. wfcmmmzhtdf^xm^.m.mz 



1 8 



ffij£ftO0g&x$Al/-:xHyX7 i 'yrSl OKtJWt 
03^§ixSKHT'«[lISS^5 y#fr;b*l 
StcOt-TSi:. miS^'/hNETv, NETgfc. Z 

ixizm^tiimmmmA 1 , a 2 1 . T^urm 

•y ? A B L K 8 i: K*f LX ES&S' 5 a U-S" a >**fT*> 
fli . r -f s J9)Vfu 7?DBLK7 fcIWi ItftEflSiE 
iSAl, A2£@S*-y hNETv, NETg<9*fl£/ 

10 j.W-v-ayO*f^rjy^-^yh{c;#i6|,c:fc 
i 0 , r -f isffrfu v 9 D B L K 7 05»fls?*£* 

it, iit^T^a^tCfWDSfiTiaRi/SaU-i/a 

mffimis a x<mm*n& ix n-nngitmmtffl 

20 [0043] {$-y^X^-h*i/$jLl— 9) Ell 5K 

TftO. f&S^5iW-^ayggl s A#S3»2. EI 
IfSxSak-xaygPS. i&a/|lISSv-*a^->-3y 

30 mmmm<wmmm i < teT-to-miimmt 

[0044] Hffief&a^s^u-^aygPKi. 
hikwm^znLxz^m^Mzfenxmmi/z.a. 

40 4. ft^a^2{4. iii/Saiz-yH^i tmss 
T4 isf>\^<vimm?x'mii-mm&nmzm-z> 
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20 



g£flt*rfft. **>»**8ttBll 3. HI 0. H9. 

357 ZMLXS-z. bixim&W&*WB3f&G*B Lfc 

3te. T^n^SakLTII^SftftT^aTYn.y 10 

couy^-^yhk^flft. 
[0045] ±E**Wte Jfitf JaTcOflsflMMW* 
ft. 

( 1 ) Hft»)Sc7)mSlt*iS^^J* { KtlHlKvSaU 



- 9 t x h mm j § tuzmmch ft m 



mtti 20 



s.±.tf Y )$mm.*mth<?>x\ nmsjxmzim 

Tfl*te3*iftfe**i*J|fi8-CSft. 8»**Uf, «SK 
4 ft. ;<0«EfcJ:"J, jK 

-f x^/Kofana^ l < < &ft t v ^ v» 

^waoiwafc:»*stftft?iwii«wct 
*aajLT»jat«ikt^rfl&c*«. HftSfgestw 
f ftitfi^Foaswratiwcrftuffif**^** st 

!6tT=ft«»^3l4«r*Jfc*liE"tftii:fcJ:"9. iftt 

i xcom%mmmtzm®m.mft&zwzith 

Z k 1 J 0 , ft H«^>lfta*TC*«-ft 

tf/l'^? * £ 1 o<ot r * - ? TH 3 Z k 
ftfcfc. r < VfM&QIKSLJ 4 XZ is 5 * 1/- 
h >"f ft fcabtctfcJB't ft * r * - ^cottaJES: 
£H0WC*ftkv>33WRa»&*. 
( 3 ) m«tf-^<|coffliE$ /stltH^WBWRjfifiBl 
ffiEfc i o T t> 5 v ? Xt- K x 5 a V- is 3 VKfc V» 

*y-f*WIW»**l*LhStfft£i:#T&ft. 50 



[0046] =t oTfcSJuWWJMttt 

xm«$8z*imX'$>$>Zb\iWotX'i>&\ Witf, 
&T'S>ft. ifc. gtttt8te2m3fcftai9BflMfti=ft 

i>*\\ fit. HA^A^tmMTi.o^^fii^f 

W&Hmfctl Z t fc J: ->T«41-ft«8BB5fl:tWl 
ffi-tftj^, BfflJS^TJjy-H^WtfcioT-aW 

t us*;- wvmt m^h^tt^mzmtxmm 
mitt s > ymtn-t t^m^r fornix 
t i \\ i fc. Sis/ x*aw>tt*«if*> i 3 K/hS < 

[0047] ±IEH*fe<?lJT'«i:ira^5 al^-xa yfcUl 

ttfcfcjiia-cfwtftik^sft. bp^>> ?4 i J9A> 

yo-y^tWftira^ijL^-^aySrtTV^. ISra* 

3 i 1 1 i o-cwBma^t-^a^ft i t * { -c# 

ft. d«0tr-^fflSrm^-/hO e ):d^«j!l^t4i 
ftCktiof, VDD(?)W^WND<?)K;P 
J*kv^"fc*«>rx^jtenTIBt:*ft. 4fc, 

IBEa^WWlWiv' 5 aI/ — v g -> T t i V ^ 
[0048] &±cr>mWX'it3ib LT*»fl#fc J: oT 
*S*ifc»Wfc*^»*k*->fe«ffl4Hff^»ftT-M3 

^/r -f v^^S^Sco^f^mSHISStM-f ft ySi 

tt**itlRjeS*ift t Wti^r< . H<oT-f S^^yPWfc 
UfWft^SIWMWlIft. §fe{cli^*S«W0E 

tffi<®ffltftClk* i -C'Sft. 4fc, ySaV-x 3 y 

jiy-^Xl;J:ft7 r 'fU^, ISBflsomitejifflf ft i k 
#TSft£klim3*rfc$rV>. 
[0049] 

HWB^ftft] 3WHc*J^-CII»8*ift»B<oa^ft« 
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[00503 ( i ) mivmwsmii. mgmuzmx 
immizmt ft *«b»*>** § t« ix±.mm<?) 

*«oji*ft*ffr?ttja** 1 * . ±e» i oraEffla 

ft. Ltzifi~>x. Hmimm.m<r>ft£.m\<m%\,z 

iTfft <r iz X *) , ivnt-^i jL^-v- 3 y(c 
J: smsy >f XoiHSHf** ALLS** -I k a*?* £ . 

[0051] ( 2 ) 5St±ta ( i ) fctjwrii. 
tw?* -fcomffiiz-mzzttmnw&mffle) 
z&nm^imm^zm-h^TJWy i 

tf^^-^^ajBRfcHwrc* ft t a*** 

foft. 

[0052] (3) J82«*fIB!UI(i. HIRv'Sji^- 
•)Sfi6«£C» 0BS'5*l'-*^ilWait«ilS& 

*xmti&tf^ x *<r>m wgmtiii&m&t z t . 
fftm-mr, ze>mx'mLZti&tLX7i~u7mz 

fttaSfiftfcaw^tfOSWbWStelcarft i fc AWJ 
EUfct ft W§£R)W:-f ft i t ft . 

[00533 ( 4 ) mz±tffi2(D®jE>mx'te. m. 

BftCE1!f<0»tti01BHl t 1 "t ft J: o . S^O^ 
ffi«t«E^ft. Lfc**oT, ffljEffiftfc&ftftaHK 
»^tHWiH--?aft£i:*flWEU »SC8K«>tHI 
ORfcfc J: ftl»0384*5tc«fc|»±-f fti t 

ft. 

[0 0 54 3 (5)IW©B«ag»t:j:oT««e3*iftJI 

t- ? vautffiftvsrcft ft t § wjwpb* £ 

«ss-ie{K-rft^i:iii^c7))ijg«ar t ^fc wjwrsj 
«ffttt=» mmeks^s -r t ft . 

[BfiBOffiJ|L&ft91] 



22 



[0i 3 xmn-mmmmz s ym-Fys* 

[023 S/SaU- x 3 y*f^B88i: UTOT^o^/ 
MM* 7 b fc^MWt ft «fcttW=3r^|iM«^- WJ10T 
[03 3 ^5il^-v3yc7)BW«lT-fflS$fLft[I18Sie 

ar-* t imimf-^cowbtmx'hh . 
io [ 04 3 * y h h mmm^-mt itztz tcfc 

[05 3 f^a^^OA^r-^=5ri:iSaiSar-^t 
^ftftlifgltyi^fjm-ftfcabO^ S y^A—h 
T'&ft. 

[06 3 tm : J9)ium^Mmii^co-mmmmx'h 
ft. 

[07 3 =«WB4_h**0S8BlijESiHlfc L&v^& 

oyf i s J* ^mmYncommmm 9 a - h xh 
ft. 

20 [083 ^.nmBi±m^mmsE^'mt-th^<r> 
ft. 

[093 E.ftmm±±.mmmiEtt<n~Mm*mx' 
j>ft. 

[0io] ap}mv-?nfammjEifi£<D-®mw 

0-C'S.ft. 

[0ii3 ^yy<-9mtamcon.M^numtx^im 
o^f&asifi. %mmmm=?tmm7i-vymx'® 

30 S8v-$a^-v- 3 y*fi : oTf#A>ixft^i:«^<- 
ScSiift«JBfeSr«B^HT»ft . 
[012 3 ^yy<-mmX : •) fc*#&fWJ***S 

0B'CISI»^Sal'-^9>tffo-C»4)<lft«9Bi:* 
* < -fftft «« t jStK^HT* ft . 
[01 3 3 Z«^i±* { 0^JOt^§«<JSc»«E^ 

[0143 mmmmMm^-mmmxhh, 

40 [0153 aMMB«)-ltltMfcffi ft 5 y 9 X*- V : s 5 

al'-^O7n>y^0-CJ>ft. 

ts, t P , te T<t : J9j\^nmmmi 
ip 

t s • wEZt&BAmto&mm 

2 mtffim 

4 |*a/|!JHi'5jLl"-5'9 3'HJ 
50 5 ««ff®gE 
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6 fiMWT 

8 ««/>rxeig» 
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D B L K 1 B L K 7 f^Wny? 

ABLK8&tfABLK9 Ttn^O-y^ 
NET v , NETg tS*7b 
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[03] 



[05] 
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NETv 
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V 
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ft* 








^ny^ 7 

1 







NET g v ^ v - j 



7 GND2 
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[05] 
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V 
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[07] 



[08] 



[137] 
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'i » 'jr* 1 irs ' 

T2 T4 y-S^ .*fA-/<9>-*t 
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EH* 



(ft*) 



T4 
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[09] 



[010] 




te' = t d + TDI S 



[HI 1] 



ai i] 



A* 



W2 0 




Wl 0 



mi 4] 



[014] 



NETvn I 




AA/V — 



GNDU 



-5- i 



_ iTIt I P'CLDO* (TSB+TTB) 
CLDTH ~ CL. (VH-VL) 



IP' /l P*CL«C1 

^/ CTSB-t-TPB) • CLDO 



LP* (VH-VL) 



g» ^ / Ctse+tpb)«cl^ 

N/ IP»CLDi 

tp' - te v n+TPE' 

t o' «2 (TSB* -TPB' )+ti' 



CLD-(VH-VL) 



-TSB' 



[012] 



II 2] 
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[013] [015] 




ti' TSE ' t e v n 

TSE , 

TSE' = *\J CLD 

V CLDO 



m£gB/jN¥rfi±*#HT5TS20*l^ ft 



